A lack of information exchange and communication between community-based health care providers and hospitals has been cited as an area of concern within the Canadian health care system. 1,2 Electronic health records have the potential to facilitate patient care and benefit clinicians by improving access to information at various service points within the system. Health care systems all over the world are investing heavily in improving information access and exchange among multiple providers.
Impact of an electronic link between the emergency department and family physicians: a randomized controlled trial
Background: Electronic information exchange is believed to improve efficiency and reduce resource utilization. We developed a Web-based standardized communication system (SCS) that enables family physicians to receive detailed reports of their patients' care in the emergency department. We sought to determine the impact of the SCS on measures of resource utilization in the emergency department and family physician offices.
Methods:
We used an open 4-period crossover clusterrandomized controlled design. During 2 separate 10-week intervention phases, family physicians received detailed reports of their patients' emergency department visits over the Internet, and in the alternating control phases they received a 1-page copy of the emergency department notes by mail. The primary outcome was the number of repeat visits to the emergency department within 14 days of the initial visit. Secondary outcomes included duplication of test and specialty consultation requests by the emergency and family physician. Outcomes were measured using the hospital database and questionnaires sent to the family physicians.
Results: A total of 2022 patient visits to the emergency department from 23 practices were used in the study. Use of the SCS failed to reduce the number of repeat visits to the emergency department within 14 days (odds ratio [OR] 1.10, 95% confidence interval [CI] 0.8-1.51) and 28 days (OR 1.01, 95% CI 0.8-1.27). There was no significant duplication of requests for diagnostic tests between the emergency and family physician during the intervention and control phases (24 v. 22, p = 0.93), but there was significantly greater duplication in specialty consultation requests in the intervention phase than in the control phase (20 v. 8, p = 0.049).
Interpretation: An electronic link between emergency and family physicians did not result in a significant reduction in resource utilization at either service point. Investments in improved electronic information exchange between emergency departments and family physician offices may not be substantiated by a reduction in resource utilization. 
Abstract

Methods
The study design was an open (unblinded) 4-period crossover cluster-randomized controlled trial of 23 family physician practices.
The study was performed in the emergency department of the Sir Mortimer B. Davis-Jewish General Hospital (SMBD-JGH) in Montreal, an adult university teaching hospital with 637 beds. The emergency department's annual census for 2000-2001 was about 60 000 visits.
Family physicians were selected for recruitment on the basis of the frequency with which their patients consulted the hospital's emergency department; a minimum of 100 annual visits per physician clientele was required. Physicians were recruited by telephone, letters of invitation and information sessions. Consenting physicians, rather than patients or visits, were then randomly assigned to the initial intervention or control group to prevent contamination of effect between the intervention and control phases (i.e., so that family physicians would not receive information through electronic and conventional means on different patients at the same time). To ensure balance between the 2 study arms, family physician practices underwent stratified randomization on the basis of the mean age (< 65 v. ≥ 65 years) and annual rates of emergency department visits (< 200 v. ≥ 200) of their clientele. Stratified randomization was achieved by a separate randomization procedure performed within each of the strata.
10 A computer-generated random allocation sequence was concealed until all family physician practices were assigned to begin the study in either the intervention or control phase.
Patients whose family physician was participating in the study were approached for recruitment upon presentation to the emergency department between 18 June 2001 and 2 April 2002. For their visit to be eligible, patients had to be 18 years of age or older, have been seen by the participating family physician at least once within the previous 2 years, and be able to provide informed consent as evaluated by the Short Portable Mental Status Questionnaire.
11 Recruitment occurred on weekdays between 0800 and 2200 except on statutory holidays. Participants agreed to have their clinical information extracted from their emergency department medical chart and sent to their family physician.
Each of the 4 crossover periods was 10 weeks long. During each period, the results of the patient's visit were communicated to the participating family physician by way of either the intervention strategy or the control (usual practice) strategy depending on the physician's allocation at the time of the visit. At the completion of the study, all family physicians had received results by both strategies.
When family physicians were in the intervention phase, they received detailed clinical information of their patients' visit to the emergency department through a secure Webbased standardized communication system (SCS). The SCS program automatically issued advisory e-mails once per day (at 0700) to all family physicians whose patient or patients had presented to the emergency department within the previous 24 hours. The e-mail also provided a link to a secure Web page where the family physician could view and print a medical report with details of the emergency department visit, including the patient's name, presenting symptoms, emergency department diagnosis, disposition (room assignment if admitted to hospital), specialty consultation reports, laboratory test and electrocardiography results, imaging reports, discharge planning information and suggested follow-up, as well as any new medications or modifications to existing medication regimens. Emergency physicians were aware of which patients were having SCS reports issued because the names of the family physicians receiving SCS reports were posted in the emergency department.
When family physicians were in the control phase, they received a carbon copy of the first page of the emergency physician's notes by regular mail within 1-2 weeks of the visit to the emergency department, the standard practice at the SMBD-JGH emergency department.
Resource utilization was defined in both settings as aspects of health care provision that consumed manpower and materials. The primary outcome or measure of resource utilization included repeat visits to the emergency department within 14 days of the initial visit; secondary outcomes in the emergency department included repeat visits within 28 days, admissions to hospital, mean length of stay in the emergency department, and requests for laboratory tests, imaging and specialty consultations. These data were collected through the hospital's database. Other secondary outcomes, which measured resource utilization in the family physician's office at the follow-up visit, included requests for laboratory tests, imaging and specialty consultations, and duplication of these requests with those made in the emergency department; these were obtained through a questionnaire sent by e-mail to the family physician 21 days after the patient's visit to the emergency department.
The post-visit questionnaire also asked physicians whether data regarding the patient's visit to the emergency department had been received, and received within 48 hours of that visit. Physicians were then asked to evaluate the legibility, comprehensiveness and usefulness of the data received as well as the knowledge gained regarding the patient's visit as a result of that data; these variables were evaluated using a 5-point Likert scale, with 1 representing the extreme negative (e.g., "strongly disagree" that the data were legible), 3 representing neutrality, and 5 representing the extreme positive (e.g., "strongly agree" that the data were legible).
On the basis of a rate of repeat visits within 14 daysdeemed to be the most important component of resource utilization and the one most open to influence -of 14% (obtained from the hospital database), a power of 80% and a significance level of 5%, we calculated that 951 patient visits per study arm were necessary to detect a minimally important relative difference in repeat visits of 30% (i.e., 4.2% absolute difference). Adjustment for a cluster effect without the benefit of a precise estimate of intraclass correlation raised the estimated final sample to 2000 patient visits.
The crossover design was chosen as a means of enhancing the statistical power of the study. The study was budgeted to run over a 10-month period, and we chose crossover periods of 10 weeks each to ensure that each period was long enough for physicians to adapt to the communication strategy being used and yet short enough to allow 4 periods in total.
All analyses were based on the intention-to-treat principle (i.e., irrespective of family physician compliance with the SCS intervention). Data were collected on each patient's visit, which created clusters associated with each family physician. Correlation of measurements within each family physician cluster was taken into account in all analyses. Repeatedmeasures techniques were also used to account for multiple emergency department visits by patients. The Generalized Estimating Equations approach (for binary outcomes, counts) 12 and Mixed Model Analysis (for continuous outcomes) 13 were used to account for the intracluster correlation and repeated measurements. The working correlation structure was set to be compound symmetry (or exchangeable form). Because of the 4-period crossover study design, 2 lag effects (first and second crossovers from the control to the intervention phase) and 2 washout effects (first and second crossovers from the intervention to the control phase) were also included in the model as potential confounders. The differences in outcomes between intervention and control phases were assessed through mean differences or odds ratios with their corresponding 95% confidence intervals. The odds ratios are presented as the odds of an outcome associated with increased resource utilization (i.e., increased number of repeat visits, tests and consultations) during the intervention phase over the odds of this same outcome during the control phase.
For the post-visit questionnaire sent to family physicians, variables scored using a 5-point Likert scale are reported as dichotomized variables whereby a score of 4 or 5 was counted in the affirmative and 1-3 in the negative.
The research protocol of this study was approved by the SMBD-JGH Research and Ethics Board.
Results
There were 43 family physicians whose clientele accounted for at least 100 visits to the SMBD-JGH emergency department in the 12 months before the launch of the study and who were asked to participate (Fig. 1) . Twenty-three (53%) agreed; most of those who refused cited a lack of interest and time. Of participating physicians, 86% were men, and their mean age was 54 (standard deviation [SD] 7) years; only 14% reported having "very much experience" with computers. According to self-report, 57% had a solo practice, the mean length of time in practice was 24 (SD 6) years, the mean proportion of their patients with a chronic medical condition was 49%, and the mean proportion of their patients 70 years or older was 33% (online Appendix 1, available at www.cmaj.ca /cgi/content/full/174/3/313/DC1). A total of 11 family physicians were randomly assigned to the initial control group and 12 family physicians to the initial intervention group. During the 10 months of recruitment, there were 3168 visits to the emergency department between 0800 and 2200 by patients whose family physician was participating in the study. In 2651 (84%) of these visits, patients were asked to participate. The final sample is composed of 2022 (76%) visits representing 1616 patients.
A comparison of the baseline characteristics of emergency department visits in the intervention and control arms suggests an even distribution of important variables (Table 1) . A total of 2022 questionnaires, one for each patient visit, were e-mailed to family physicians 21 days after the visit. The overall response rate was 77% (79% in the intervention group and 76% in the control group). The individual response rate varied from 0% to 100%; 3 physicians were essentially unengaged in the trial and did not respond to any questionnaires. Excluding the 3 nonrespondents, the overall response rate increased to 88%.
In evaluating the data received through the SCS and usual practice, more family physicians found the data received through the SCS legible, comprehensive and useful and as providing knowledge of the patient's emergency department visit (Table 2) . However, the SCS failed to reduce the number of repeat visits to the emergency department within 14 days (97/814 patients in the intervention phase v. 88/802 in the control phase) and 28 days (138/814 v. 135/802) as well as hospital admissions (259/1048 v. 224/974 patient visits) (Fig.  2) . A post-hoc analysis was performed to determine whether the intervention had an effect on the number of repeat visits by patients who were more likely to leave the emergency department with a complex discharge plan (i.e., elderly patients). Although the difference did not quite achieve statistical significance, patients 65 years and over whose visit was communicated without the benefit of the SCS were noted to have a 30% relative increase in the risk of a repeat visit within 28 days of their initial visit. Other measures of resource utilization in the emergency department (online Appendix 2, available at www.cmaj.ca/cgi/content/full/174/3/313/DC1), including mean length of stay (10.3 hours during the intervention phase v. 10.4 hours during the control phase) and number of tests (6.5 v. 7.0) and consultations (1.2 v. 1.2) requested per visit did not result in significant differences.
Nor were significant differences seen in resource utilization in family physician offices at follow-up (online Appendix 3, available at www.cmaj.ca/cgi/content/full/174/3/313/DC1) (e.g., 2 or more tests requested [2.6% of patient visits during the intervention phase v. 1.7% of patient visits during the control phase], 1 specialty consultation requested [4.3% v. 4.9% of patient visits]). There was no significant duplication of diagnostic tests between the emergency department and the family physician office during the intervention and control phases (24 v. 22, p = 0.93), but there was significantly greater duplication in specialty consultations in the intervention phase than in the control phase (20 v. 8, p = 0.049).
Interpretation
We hypothesized that the assured and expedient electronic transfer of clinical information from the emergency department to family physician offices for patients who had sought emergency care would lead to a reduction in resource consumption in the emergency department and at follow-up. From the emergency department perspective we anticipated that use of the SCS would promote timely follow-up of patients whose clinical summaries and discharge plans were communicated to their family physicians. This would, in turn, encourage less reliance on an emergency departmentbased work-up and lead to the discharge of patients from the emergency department who might otherwise have been admitted to the hospital because of uncertainty in postemergency department care. We also expected that the trans- *These variables were evaluated using a 5-point Likert scale, where 1 represents the extreme negative (e.g., "strongly disagree" that the data received were legible), 3 represents neutrality and 5 represents the extreme positive. They are reported as dichotomized variables, whereby a score of 4 or 5 is counted in the affirmative and 1-3 in the negative.
fer of all testing and consultation reports from the emergency department to family physicians would reduce duplication at follow-up. Most importantly, we expected the SCS to reduce the number of patients who were obliged to revisit the emergency department because of suboptimal post-visit management and possibly require admission. The SCS failed to yield benefits on all 3 fronts. The lack of substantial benefit in all measures of resource consumption in the emergency department challenges our hypothesis that an SCS-like intervention will change emergency physician practices and limit in-hospital evaluations in favour of family physician follow-up for uncertain problems or minor illnesses. The lack of impact on duplication at follow-up suggests that family physician concerns, expressed in focus groups, about having to repeat testing and evaluations because they lack access to that information might have been overstated.
Another reason for a lack of effect might be the comparator used in this study. The SMBD-JGH already communicates patient information related to emergency department visits using carbon copies of the first page of the emergency department notes, and this standard practice was not suspended for the purpose of demonstrating the impact of the SCS intervention. This relatively strong comparator may have led to an underestimation of the impact of the SCS. A compliance analysis (not shown) based only on the physicians actively using SCS did not change the negative results regarding resource utilization.
A number of limitations of this study may have prevented an appreciation of the impact of the SCS intervention. For the intervention to be effective, emergency physicians had to take into account that patients for whom they were caring were going to have SCS reports issued to the family physician. Although we attempted to ensure this knowledge through education sessions and by posting the names of family physicians then in the intervention phase in prominent places throughout the emergency department, we do not know to what extent this knowledge was incorporated into emergency physician decision-making.
Measures of diagnostic test and specialty consultation requests and duplication in family physician offices at followup depended on accurate reporting by the family physicians when using the follow-up questionnaires. We encouraged family physicians to verify their files so as to be able to report actions taken with regard to being notified about an emergency department visit. However, the survey content was ultimately self-reported, and we have no definitive means of ascertaining what exactly was or was not done at follow-up.
The creation of the electronic health record and the move toward widespread electronic availability of patient data to all health care providers involved in a given patient's care is high on many national agendas. Both Canada 14 and the United States 15 have launched significant initiatives to create health information highways characterized by interoperability (i.e., the ability of multiple health care providers to access clinical information at the point of care). The financial justification for these systems has been made in terms of reducing administrative costs and the resources required for communicating the evaluative reports generated within the health care system.
3 However, the assumptions underlying this cost benefit have been questioned.
16
Fully standardized computerization of health care records has in general been noted to be effective in terms of the issuing reminders for preventive health tasks, increased prescribing of generic drugs and reduced duplication when computerized test ordering is performed. 3 However, an electronic Web-based tool for transmitting clinical information from the emergency department to the primary care network does not appear to reduce resource utilization in either milieu. The cost of implementing electronic file-sharing between the emergency department and the primary care network does not appear to be recoverable through reduced length of stay, admission or repeat visit rates, or reduced duplication in test or consultation requests. Further studies are needed to assess the benefit of this intervention on indices of continuity and quality of care (medical error) and subsequent disease management by family physicians.
